Brown Swiss cattle have been reported to develop different inherited degenerative neurologic disorders, including bovine spinal muscular atrophy characterized by hind leg paresis first appearing in 3-4-week-old calves, with rapid progression to recumbency and skeletal muscle a t r~p h y .~. '~.~~.~~ Histologic abnormalities in the central nervous system (CNS) consist of axonal degeneration characterized by Wallerian change in the spinal white matter and peripheral nerves and degeneration of motor neurons related to the accumulation of neurofilaments in the perikarya in the ventral horns of the cervical and lumbar intumescence^.^,^^ A similar syndrome has been described in Red Danish Dairy Breed calves originating from American Brown Swiss bulls' and more recently in the offspring of the American Brown Swiss and German Braunvieh c r o~s e s .~
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In another inherited syndrome of Brown Swiss cattle, bovine progressive degenerative myeloencephalopathy (BPDME) or "weaver" syndrome, 6-8-month-old animals develop bilateral hind leg ataxia and deficient proprioceptive reflexes with no apparent muscular atrophy.lJ5 Lesions in the CNS include axonal spheroids in the white matter of the ventral and lateral columns of the spinal cord, certain nuclei of the brain stem, and the granular cell layer in the cerebel1~m.l.~~ Degeneration and loss of Purkinje neurons is evident, although motor neurons in the spinal cord are not affected. A progressive disorder with accumulation of neurofilaments in neurons of the spinal cord and brain and axonal degeneration presumably related to a toxic agent has been described in "shaker" Hereford calves12 (E. S. Johnson, personal communication). Two groups of related neonatal Holstein-Fresian calves, one in Australia8 and the other one in the Netherlands,* have been described with an idiopathic degenerative axonopathy.
We report clinical and pathologic findings in a 17-day-old Brown Swiss heifer with a history of tetraplegia since birth. The calf was bright and alert and had normal appetite and mentation prior to examination. This was the second calf of a cow in a Brown Swiss dairy farm where BPDME was diagnosed several years ago. Evaluation of the pedigree of this animal revealed that the sire of his dam is a carrier of the autosomal recessive gene associated with BPDME.'.I5 Vitamin E and selenium had been administered intramuscularly soon after birth. Physical examination revealed increased heart rate and normal body temperature and respiration. Neurologic examination revealed no progression of disease, but the calf was unable to stand or support itself on the sternum and showed minimal purposeful movement. Pupillary light reflex and spinal reflexes were normal, and postural reflexes were absent. Osseous abnormalities were not identified on the lateral and ventrodorsal radiographic projections of the cervical spine. Tentative diagnosis of a malformation or trauma localized in the cervical vertebrae or spinal cord was made.
The calf was euthanatized with an overdose of barbiturate and promptly necropsied. The CNS was removed and fixed by immersion in 10% phosphate-buffered formalin. Selected peripheral nerves, skeletal muscles, and other organs were sampled and fixed similarly. The tissue samples were embedded in paraffin, cut into 5-pm-thick sections, and stained with hematoxylin and eosin (HE). Sections of the CNS were also stained with luxol fast blue-Holmes (LFB-H) and Masson's trichrome, and selected sections were stained with the Palmgren (PG) silver methodl l for axons. Selected sections from the CNS were treated with Lepage Bond glue, rehydrated, exposed to monoclonal antibodies against glial fibrillary acidic protein (GFAP) (Dako, Santa Barbara, CA), 70-and 200-kd neurofilament proteins (NF 70 and N F 200) (Amersham, Arlington Heights, IL) followed by peroxidaseantiperoxidase (PAP) method (Dako), and counterstained with hematoxylin. Antiserum directed against ubiquitin, developed after immunization of rabbits,' was obtained from Dr. M. Sikorska (National Research Council of Canada), applied on sections, and followed by PAP method.
For electron microscopic examination, 2-mm3 samples of formalin-fixed cervical and thoracic spinal cord were placed in 2.5% glutaraldehyde in 0.2 M phosphate buffer, postfixed in 1% osmium tetroxide, and stained en bloc with 2% aqueous uranyl acetate. After fixation, the tissues were dehydrated in graded series of concentrations of acetone, embedded in Epon 8 12, cut into thin sections, mounted on Formvar carbon-coated copper grids, and poststained with 2% aqueous uranyl acetate followed by lead citrate. The sections were viewed with a Phillips EM300 electron microscope.
An age-matched male Brown Swiss calf was euthanatized and necropsied, and the CNS tissues were used as controls. From two cattle diagnosed with BPDME syndrome, sections of the CNS stained with HE and LFB-H were examined as a disease reference standard.
Necropsy revealed that the spinal cord diameter was smaller than normal. Cross sections of the spinal cord of the cervical, thoracic, and lumbar segments were approximately 40%, 6O%, and 30%, smaller respectively, than those of the control calf. The pia mater was moderately thickened along the entire length of the spinal cord. The most remarkable histologic lesions were present in the white matter of the spinal cord and consisted of severe diffuse loss of axons and myelin in the peripheral areas of the ventral and lateral funiculi in all sections and in fasciculus gracilis in the thoracic and cervical sections. The loss of axons was most severe in the subpial areas, and the numbers ofaxons, widely separated by diffuse astrogliosis, gradually increased towards the gray matter (Fig. I) . The severity of astrogliosis decreased gradually in a similar manner. The axonal loss was proportionately greatest in thoracic sections. Axonal spheroids were scattered along the spinal cord in all three white columns indiscriminately and in the gray matter, with more frequent occurrence in ventral horns. The spheroids stained positively with the Holmes and PG methods and reacted immunohistochemically with antibodies against N F 70 and N F 200. Rare swollen degenerating axons, degenerating myelin, and occasional myelinophages were present in the white matter. The numbers of neurons in all sections appeared normal, and their perikarya were not affected. However, swollen perikarya of occasional neurons in the ventral horns stained intensely with PG and for N F 70 and N F 200. Mild to moderate loss of axons and myelin was present in dorsal spinal roots of lumbar and sacral sections. Large and medium-sized blood vessels in the ventral and lateral funiculi were tortuous and had marked adventitial fibrosis with thick deposits of collagen (Fig. 2) . Electron microscopic examination of the ventral white column of the thoracic segment revealed massive proliferation of astroglial processes containing bundles of intermediate filaments, loss of axons, and perivascular accumulation of collagen (Fig. 2) .
Lesions in the brain consisted of scattered axonal spheroids, large thickenings along the course of the axons (torpedoes), and dense small beadings along the course of axons, which were strongly positive with PG and for N F 70 and NF 200. These axonal changes were observed in the white matter of the cerebral cortex (Fig. 3) , corpus callosum, internal capsule, optic tract; in the white tracts in the thalamus, red nucleus, medial longitudinal fasciculus, caudal colliculus, midbrain, spinal tract of trigeminal nerve (Fig. 4) , caudal olivary nucleus, vestibular nuclei, and nerves; and in the spinocerebellar tracts and internal arcuate tracts in the medulla. Numerous axonal spheroids were observed in cerebellar peduncles, deep cerebellar white matter ( Fig. 5 ) and folia of the paraflocculus, adjacent folia, and vermis. Occasionally, axonal spheroids were closely associated with Purkinje neurons. All described affected areas had rare degenerating axons occasionally infiltrated with myelinophages. (Fig. 5) , and neurons in the spinal ganglion of the trigeminal nerve (Fig. 4) , vestibular nuclei, and caudal olivary nuclei. Occasionally, neurofilaments massively filled the perikaryon, displacing the neuronal nucleus to the periphery (Figs. 4, 5) . A marked diffuse astrogliosis coincided with axonopathy. Immunostains for ubiquitin were negative in all sections of the brain and spinal cord examined. Both trigeminal nerves and a tibia1 nerve had no lesions. There was localized perivascular neutrophilic myositis and mild diffuse neutrophilic infiltration in the fascia of the gluteal muscle, which was attributed to the animals' recumbency. Lesions were not observed in the gastrocnemius muscle. Remaining organs examined contained no lesions.
The microscopic lesions in this Brown Swiss calf were compatible with axonopathy characterized by accumulation of neurofilaments in axons of multiple systems of the CNS and in perikarya of neurons of the neocortex, cerebellum, and selected nuclei in the brain stem. Accumulation of neurofilaments in the perikarya has been described in several human neurodegenerative disorders, including amyotrophic lateral PG silver stain. Bar = 40 wm. sclerosis (ALS) and Alzheimer's, Pick's. and Werdnig-Hoffman diseases, and is generally considered a result of interference with axonal transport of neurofilament proteins down the axon with no interuption of their synthesis and assembly in the perikaryon.6 Retention of phosphorylated neurofilaments in neuronal perikarya has been demonstrated immunohistochemically in CNS tissues from Brittany Spaniels with hereditary canine spinal muscular atrophy, Hereford "shaker" calves, rabbits and pigs with motor neuron disease, and zebras with m y e l~p a t h y .~ Specific mechanisms interfering with the slow axonal transport of neurofilaments and resulting in human and animal spontaneous axonopathies are unknown. The massive axonal loss in the spinal cord of the affected calf is considered to be due to an insiduous protracted axonopathy affecting descending and ascending tracts. Motor neurons were not significantly affected. Massive astrogliosis in the spinal cord followed axonal degeneration and loss and indicates a long duration of the disease initiated in utero. Vascular fibrosis was present in similar areas and was not observed in other areas ofrhe CNS that may indicate an unexplained local trophic stimulation of penvascular fibroplasia related to the axonal degeneration and loss and the concurrent astroglial proliferation.
Lack of increased expression of ubiquitin antigen is unusual in a neurodegenerative disease such as this one. Ubiquitin is a protein that participates in nonlyzosomal proteolytic degradation of abnormal or damaged proteins, including neurofilaments, and probably prevents cell damage by altered protein^.^ Neuronal cytoskeleton-derived inclusions have been identified in several human neurodegenerative diseases, including ALS. The degree of expression of utiquitin depends apparently on the acuteness ofa degenerative disease; chronic processes express little or no ubiquitin." An apparent chronicity of axonopathy in the calf described in this report may explain lack of expression of ubiquitin in its CNS. Tissues from this calf have been stained with polyclonal anti-rabbit antibody against human ubiquitinin in two separate laboratories, one using polyclonal anti-rabbit antibody against human ubiquitinin described previously9 and the other using antibody obtained from a commercial supplier (Dako). Pro- longed fixation of the tissue in formalin may cause decreased reaction of the antibody with tissue epitopes,13 and lack of reactivity of anti-ubiquitin antibodies to the CNS tissues of this calf may have been related to this phenomenon.
Lesions described in this calf are similar in distribution and nature to those observed in two "weavers" examined during this investigation. Both the affected calf and the "weavers" had axonopathy with formation of spheroids and axonal loss in the spinal cord, brain stem, cerebellum, and cerebral white matter. "Weaver" animals begin to have clinical neurologic signs at 6-8 months of age, whereas the onset of the neuroaxonal degeneration in the affected calf occurred in utero and may represent an unusual case of a very early onset of this disease. The sire of the affected calf is a camer of the gene associated with "weaver" syndrome, which suggests the likelihood of an unusual presentation of this syndrome developed in utero. Motor neurons were not affected significantly in this calf, which distinguishes it from Brown Swiss calves with spinal muscular a t r~p h y .~,~~J~. '~ Neonatal Hereford "shaker" calves differ from "weavers" because they have accumulation of neurofilaments in the spinal motor neurons in addition to similar degenerative changes in the brain and autonomic nervous system.'* The main morphologic features of degenerative axonopathy of neonatal Holstein-Fresian calves are Wallerian degeneration and axonal loss in the spinal cord and brain stem, with no apparent loss of neurons.8 However, severe neurologic disease with signs of head tremor, nystagmus, and opisthotonus* distinguishes these calves from the calf described in this report.
